WOLFGANG PAPIERNIK & GUIDO STOPPLER. citizens of 
Germany, whose residence and post office addresses are Im See 21. 
91077 Neunl<lrchen, Germany; and Jagdstrasse 5, 90419 Nurnberg, Germany, 
respectively, have invented certain new and useful improvements in a 



METHOD FOR IDENTIFYING A CONTROL PATH OF A 
CONTROLLED SYSTEM 



of which the following is a complete specification: 



METHOD FOR IDENTIFYING A CONTROL PATH OF A 
CONTROLLED SYSTEM 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims the priority of German Patent Application, 
Serial No. 103 00 543.9, filed January 9. 2003. pursuant to 35 U.S.C. 119(a)-(d). 
the disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method for identifying a control 
path of a controlled system, and more particularly to a method for identifying a 
control path in the presence of detemiinistic perturbations. 

[0003] A high-quality identification of a controlled system fomn an 
important basis for optimizing a closed-loop control circuit. A controlled system is 
typically identified by applying a suitable stimulus signal at the input of the 
controlled system and measuring the path response at the output of the 
controlled system. The controlled system can be described by a transfer function 
which can be identified by measuring the path response to the stimulus signal. 

[0004] The transfer function can be determined either in the time domain 
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by observing the time evolution of the stimulus signal and the path response or, 
as is commonly done in this technical field, in the frequency domain. 

[0005] For identifying the controlled system in the frequency domain, both 
the stimulus signal and the path response are transformed into the frequency 
domain through a Fourier transform. The transfer function of the controlled 
system in the frequency domain is obtained in the form of a complex transfer 
function by dividing the Fourier-transformed path response by the Fourler- 
transfomied stimulus signal. 

[0006] The frequency response of the magnitude and/or the phase of the 
complex transfer function of the controlled system can then be detemnined from 
the complex transfer function of the controlled system. 

[0007] In practical applications, perturbations and/or perturbation signals 
make often make it difficult to reliably identify a path of the controlled system that 
is to be controlled. A distinction can be made between two types of perturbations 
that can occur, which can be referred to as stochastic perturbations and 
detenninistic perturbations. 

[0008] The impact of stochastic perturbation signals on the identification of 
the controlled system can be lessened by performing a sufficiently large number 
of averages and/or by low-pass filtering and/or by analyzing the correlation of 
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one or several perturbation signals. However, these measures operate only in a 
limited fashion with deterministic perturbation signals, or do not work at all. 

[0009] Errors in the identification of controlled systems in the presence of 
deterministic perturbation signals have so far been unavoidable and had to be 
tolerated, since the above-mentioned methods were inadequate to significantly 
reduce these errors. As a result, the controlled system could not be reliably 
identified in the frequency range where the detemiinistic perturbation signals 
occur. 

[0010] The European patent publication EP 0 211 374 A1 describes a 
device for compensating the effect of gravity on an element of a machine-tool or 
a robot that can be raised and lowered by an electric motor, and a method for 
operating such a device. The patent application describes optimizing a controller 
setting by applying a perturbation signal. 

[0011] It would therefore be desirable and advantageous to provide an 
easy-to-use and cost-effective method for identifying a control path of a 
controlled system, which obviates prior art shortcomings and is able to 
specifically identify a control path in the presence of detemiinistic perturbations. 
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SUMMARY OF THE INVENTION 



[0012] According to one aspect of the present invention, a. method for 
identifying a control path of a controlled system includes the steps of determining 
at least one detemiinistic perturbation correcting signal in a first identification 
process; storing the perturbation correcting signal in the fonn of a function; and 
identifying a control path of the controlled system in a second identification 
process by adding to the controlled system the at least one stored deterministic 
perturbation con-ecting signal with a negative feedback. 

[0013] According to another advantageous feature of the invention, the 
function can be conveniently stored In the form of a table and/or in the forni of 
splines. When the function is stored in the form of splines, intennediate values 
of the function can be easily determined and/or outputted by way of interpolation. 

[0014] According to another advantageous feature of the invention, the at 
least one deterministic perturbation correcting signal can be detemiined from an 
output signal obtained from at least one controller of a closed control loop of the 
controlled system. The controller already filters stochastic perturbations 
implicitly, since the controller typically exhibits a bandpass characteristic. Many 
situations then no longer require additional filtering measures for reducing the 
effect of stochastic perturbations. 
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[0015] Advantageously, an amplification factor of the controller can be set 
to a high value for detennining the deterministic perturbation correcting signal in 
the first identification process. In this way, the perturbation is particularly well 
embodied in the controller. 

[0016] According to another advantageous feature of the invention, an 
amplification factor of the controller can be set to a low value for identifying a 
control path of the controlled system in the second identification process. This 
approach minimizes the effect of the controller on the path identification of the 
controlled system in the second identification process. 

[0017] According to another advantageous feature of the invention, a 
stimulus signal for exciting the controlled system can be applied in the second 
identification process to the input of the controlled system. Conventional 
controlled systems are typically excited with a stimulus signal. 

[0018] Advantageously, the stimulus signal can have a broad-band 
frequency spectrum, which simplifies the identification of the controlled system. 

[0019] According to another advantageous feature of the Invention, the 
perturbation correcting signal can be added at the same location where a 
deterministic perturbation is applied in the controlled system. If the location 
where the perturbation is applied in the controlled system is identical to the point 
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of attack of the deterministic perturbation, tlien the effect of the detemiinistic 
perturbation can be effectively reduced. 

[0020] According to another advantageous feature of the invention, the 
control path of the controlled system in the second identification process can be 
identified by Fourier-transfomiing both an input signal and an output signal of the 
controlled system into the frequency domain; dividing the Fourier-transfomied 
output signal by the Fourier-transfomied input signal; and computing a complex 
transmission function of the controlled system to identify the control path. The 
complex transmission function can include a frequency response of a magnitude 
and of a phase of the controlled system. The Identification of the controlled 
system in the frequency domain is generally viewed having distinct advantages. 

[0021] A method according to the present invention is particularly 
well-suited for path identification of a controlled system employed in machine 
tools, production machines and/or robots, since the controlled systems in these 
applications typically experience stochastic perturbations. In particular, a method 
according to the invention is suited for path identification in a controlled system 
employed with drives for machine tools, production machines and/or robots. 
Such systems can be affected by perturbation effects due to slot latching, which 
can adversely affect the drive control circuits. 
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BRIEF DESCRIPTION OF THE DRAWING 



[0022] Other features and advantages of the present Invention will be 
more readily apparent upon reading the following description of currently 
preferred exemplified embodiments of the invention with reference to the 
accompanying drawing, in which: 

[0023] FIG. 1 shows a schematic diagram of a controlled system; 

[0024] FIG. 2 shows a controlled system compensated against 
perturbations according to the method of the present invention; 

[0025] FIG. 3 shows a first process for identifying a controlled 
system; and 

[0026] FIG. 4 shows a second process for identifying a controlled 
system. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0027] Throughout all the Figures, same or corresponding elements are 
generally indicated by same reference numerals. These depicted embodiments 
are to be understood as illustrative of the invention and not as limiting In any way. 
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It should also be understood that the drawings are not necessarily to scale and 
that the embodiments are sometimes illustrated by graphic symbols, phantom 
lines, diagrammatic representations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the present invention or 
which render other details difficult to perceive may have been omitted. 

[0028] Tuming now to the drawing, and in particular to FIG. 1, there Is 
shown a block circuit diagram of a controlled system 10 in the time domain with a 
transfer function g(t), which transforms a time-dependent input signal x(t) into a 
time-dependent output signal y(t). In many technical fields, the transfer 
function g(t) of the controlled system is preferably identified in the frequency 
domain. First, a Fourier transform is applied to both the input signal x(t) and the 
output signal y(t), transfonnlng the two time-dependent functions into the 
frequency domain. The Fourier transform produces a corresponding frequency- 
dependent input function X(s) and a corresponding frequency-dependent output 
function Y(s), whereby s indicates the complex angular frequency joj. 

[0029] The complex transfer function G(s) of the controlled system in the 
frequency domain is obtained by computing the quotient 

Xis) ^ ^ 

wherein the complex transfer function G(s) is obtained over the frequency range 
used in the Fourier transform. 
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[0030] The frequency response of the magnitude and the phase of the 
controlled system can be easily detemnined from the complex transfer 
function G(s) in a conventional manner. For identifying the controlled system over 
a relatively broad-band frequency range, an relatively short input signal x(t) in the 
form of a so-called stimulus signal is typically applied which con-esponds to a 
broad-band signal in the frequency range. One example of a stimulus signals is 
a rectangular pulse in the time domain. 

[0031] FIG. 2 shows a block circuit diagram 20 of one exemplary 
embodiment of the method according to the invention. In FIG. 2. the transfer 
function g(t) of the controlled system depicted in FIG. 1 is divided into two 
sequential partial transfer functions gi(t) and g2(t). which describe the controlled 
system to be identified. As depicted In FIG. 2, a detemiinistic perturbation 
signal s(t, p, v) is applied to the controlled system at a tenninal 15. The 
exemplary perturbation signal s(t, p, v) depend not only on the time t, but also on 
a location p and/or a velocity v. However, the detemninistic perturbation signal 
can also depend on a single parameter, such as the parameter p, or on more 
than three parameters. The output signal y, in response to the perturbation s, 
would then likely also dependent not only on the time t, but also on the location p 
and the velocity v, and can be represented by an output signal y(t, p, v). The 
system is then no longer linear and the controlled system can no longer be 
identified. At this point, the method of the invention can advantageously be 
applied. 
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[0032] As also shown in FIG. 2, a perturbation compensation signal f(t, p, 
V) that has been determined in a first identification process is introduced at a 
location 16 in a second identification process that follows the first identification 
process. The location where the perturbation compensation signal f(t, p, v) is 
introduced does not necessarily have to coincide with the location 15 of the 
perturbation itself. Depending on the particular situation, the output signal y(t) 
can depend only on the time t, as depicted in FIG. 2, or can more generally also 
depend on p and v. assuming the fomn y(t, p. v). In the special situation where 
the perturbation compensation signal f(t, p, v) is introduced at a location 16 that 
is identical to the location 15 where the perturbation signal s(t, p, v) is introduced, 
the perturijation compensation signal f(t, p, v) is identical to the perturbation 
signal s(t, p, v). 

[0033] Figs. 3 and 4 illustrate exemplary embodiments of the method of 
the invention. In FIG. 3 and FIG. 4, respectively, a controlled system 5 is 
identified that consists of a power control unit 2 and a permanent-magnet- 
excitedly linear motor 3 with an iron core. The slot latching forces produced by a 
non-unifomi magnetic field distribution in the linear motor 3 can cause a location- 
dependent detemiinistic perturbation s(p). The perturbation s(p) due to the slot 
latching forces depends only on the location p. The perturtjation s(p) is not 
explicitly shown in Figs. 3 and 4, since it takes place inside the linear motor 3. 

[0034] FIG. 3 shows in the forni of a block circuit diagram the first 
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identification process according to tlie method of the invention. The controlled 
system 5 to be identified is here formed by a power control unit 2 and a linear 
motor 3. A Pl-controller 1 (Proportional-lntegral-controller) together with the 
controlled system 5 forms a closed control loop. The difference between a 
desired velocity value Vdesired and an actual velocity value Vactuai measured on the 
linear motor 3 by a transducer (not shown) is provided as an input value to the 
Pl-controller 1. The Pl-controller 1 supplies as an output value a desired 
current idesired to the power control unit 2 which in turn controls the linear motor 3. 
In the first identification process, a deterministic perturbation compensation 
signal is determined and stored in the form of a function f(p). The amplification 
factor of the Pl-controller 1 Is set to a high value, so that the deterministic 
perturbation effects due to slot latching of the linear motor 3 are distinctly 
expressed in the output signal idesired of the Pl-controller 1 . Since the perturbation 
effects due to slot latching of the linear motor 3 depend on the location parameter 
p of the rotor of the linear motor 3, the location parameter p is determined at the 
output of the linear motor 3 from the motor speed Vactuai by an integrator 4. A 
value idesired can now be uniquely associated with each location p, so that a 
function Idesired(p) that depends on the location p can be written to a table and/or 
stored in a table. 

[0035] The perturbation effects due to slot latching are then well 
represented In the integral section of the Pl-controller 1. 
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[0036] FIG. 4 shows in the form of a block circuit diagram the second 
identification process according to the method of the invention. In order minimize 
the impact of the Pl-controller 1 on the identification of the controlled system 
within the second identification process, the amplification factor of the Pl- 
controller 1 is set to the lowest possible value. A signal generator 6 supplies a 
stimulus signal S at the output of the Pl-controller 1 and/or at the input of the 
controlled system 5. For compensating the detemiinistic perturbation effects due 
to slot latching, the stored perturbation compensation signal is supplied to the 
input of the controlled system 5 with negative feedback in the form of the 
function idesired(p) which depends on the location parameter p. 

[0037] The path of the controlled system 5 is identified in the frequency 
domain in a conventional manner. The input signal iin of the controlled system is 
Fourier-transformed into the frequency domain in functional block 9, whereas the 
output signal Vactuai of the controlled system 5 is Fourier-transformed into the 
frequency domain in functional block 8. In functional block 10, the output 
signal Vactuai of the controlled system, which has been transfomned into the 
frequency domain, is subsequently divided by the input signal iin of the controlled 
system which also has been transfomed into the frequency domain. This 
process produces the complex transfer function of the controlled system at each 
of the frequencies employed in the Fourier transform. 

[0038] The determined complex transfer function is typically represented in 
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the form of a frequency response of the magnitude 13 and a frequency response 
of the phase 14, which maizes it easier to interpret the path attributes. The 
magnitude of the frequency response can be detemiined by separately fonning 
the square of the real part and the imaginary part of the complex transfer function 
at each frequency in a functional block 11 and adding the squares and by then 
fonning the square root, which can be plotted as a function of the frequency. The 
phase of the frequency response can be detemined by dividing the imaginary 
part of the complex transfer function at each frequency by the corresponding real 
part of the complex transfer function in functional block 12. The phase angle can 
then detemiined by computing the arc tan function of the quotient of the real and 
imaginary part and plotted as a function of the frequency. In this way, the 
controlled system is uniquely identified. 

[0039] Optionally, the transfer function G(s) determined in the frequency 
domain can be transformed back into the time domain by an inverse Fourier 
transfomi. It should be mentioned at this point that the function idesired can also 
be stored in the forni of splines. This can be used to interpolate, for example, 
Intennediate values, or to reduce the size of the memory space required for 
storing the function idesired(p)- 

[0040] In particular, the method of the invention can be used to accurately 
identify a controlled system In technical fields that include machine tools, 
production machines and/or robots which demand a high-precision control and/or 
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a high-quality control characteristic. The method of the invention can also be 
used to mininnize perturbation effects due to slot latching in motors, in particular 
linear motors, which would otherwise interfere with the identification of the 
controlled system in such drives. 

[0041] While the invention has been illustrated and described in 
connection with currently preferred embodiments shown and described in detail, 
it is not intended to be limited to the details shown since various modifications 
and structural changes may be made without departing in any way from the spirit 
of the present invention. The embodiments were chosen and described in order 
to best explain the principles of the invention and practical application to thereby 
enable a person skilled in the art to best utilize the Invention and various 
embodiments with various modifications as are suited to the particular use 
contemplated. 

[0042] What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims and includes equivalents of the 
elements recited therein: 
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